. STEM-HAADF images of AuRh/TiO2 (sample 2, Au63Rh37 average composition) pretreated in H2 at 350 °C.
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Reconstruction of a nanoparticle from the quantification of HAADF-STEM image intensities
The way a 3D model of an Au-Rh particle has been built from the image of Figure 2d is detailed hereafter. The method is based on the quantification of HAADF-STEM intensities. The methodology used for atom counting was developed by Van Aert et al. [1] [2] [3] For a thin specimen, the HAADF-STEM images intensities , ( ⃗ , ; ) can be expressed as the convolution of an object function ( ⃗ , ; ), which depends on a set of unknown structure parameters , and the point spread function (PSF) of the electron probe ( ⃗ , ), which depends on the probe parameters:
where ⃗ , is the vector pointing to pixel ( , ). The integrated intensity, represented by the object function ( ⃗ , ; ), should be described as a superimposition of Gaussian functions:
where  is a constant background,  the width of a Gaussian peak, the weight of a Gaussian peak, and the x-and y-coordinates of the ℎ atomic column, and M the number of atomic columns. Then, the histogram of the integrated intensities can be fitted with a sum of Gaussian functions:
where ( |Ψ ) is the probability that the intensity Vi would be estimated for a particular atomic column i, Ψ = ( 1 , … , , 1 , … , , ) is a vector containing the unknown parameters of the probability distribution, corresponds to the position of the mean intensity value of a column composed of g atoms, G is the number of Gaussian functions, and  corresponds to the fluctuation of intensities. To adjust the histogram of the integrated intensities, determining G is crucial. Van Aert et al. [1] [2] [3] have demonstrated that this parameter can be deduced from the drop of the integrated classification likelihood criterion (ICL).
The robustness of this methods has been tested on high-resolution HAADF-STEM image simulations and it has been demonstrated that coupling the deconvolution by the PSF and the ICL calculation provides a very reliable atom counting methodology. In Figure S1 , the deconvolution by the PSF was performed by using the MatLab deconvlucy function with 3 iterations. The number of iterations was determined by choosing the best defined ICL for further fitting of the intensity histograms. In order to build a 3D model of the particle using a single projection, some hypotheses must be formulated. It was assumed that the columns are either pure Au or pure Rh, and that the interface between Au and Rh regions in the particle is perpendicular to the image. These hypotheses are supported by the observations made for other particles (Figure 2) . The differentiation between the Au columns and the Rh columns was performed from the intensities and the crystal lattice variation. Then, two atom count maps were calculated, one for the Rh part and the other for the Au part. These two assumptions can lead to some misrepresentation at the interface but are necessary to build a model from a single projection. The results are shown in Figure S2 . The reliability of the atom counting method is directly connected to the fit of the histogram with Gaussian functions. Indeed, as it can be observed in Figures S2d and S2h, the Gaussians of the nearest components can overlap. Consequently, if the integrated intensity of one particular column is located in the overlapping of two Gaussians, the number of atoms in this column can be misevaluated by one atom. After the determination of the number of atoms in each atomic column, a simple back-projection on a FCC lattice was carried out ( Figure S3 ). We supposed a symmetrical particle along the projection axis i.e. along the electron beam propagation. Although Van Aert et al. have shown the ability to reconstruct exactly in three dimensions one particle with two different HAADF-STEM image orientations, 1, 2, [5] [6] [7] with only one orientation this assumption (symmetrical particle) is necessary. Moreover, as shown in Figures 2f and S3b, this hypothesis appears reasonable since we are able to visualize the facets of a truncated octahedron, as expected for a gold nanoparticle. 
